the remarkable progress in surgery, which has been achieved during recent years, seems to be largely due to three factors. These are: (1) Improved methods of anwsthesia; (2) replacement of blood, fluids and electrolytes; (3) chemotherapy.
As a result, the operative risk in the commoner operations, e.g. gastrectomies, has been lowered, in spite of a higher average age of the patient. Furthermore, the development of a whole series of new operations, in the thorax, upon the heart and great vessels has been facilitated. These three factors, mainly due to Anglo-American medicine, have become effective in Germany only since the end of the Second World War. Since these factors became operative all over the world within a relatively short space of time, the evaluation of antibiotics alone is difficult.
In the fight against surgical infections chemotherapy has come close to a triumph. Colebrook in England was the first to treat streptococcal septicaemia successfully with the sulphonamides of Domagk. Penicillin, developed in this country, was the first effective weapon against staphylococci. To-day antibiotics have partially or completely replaced some operations, e.g. for early osteomyelitis, and in others they have reduced the risk of operation. But the antibiotics are not free from harmful side effects. As with all drugs, we differentiate three groups of reactions:
(1) Toxic reactions-which are avoidable by strict attention to dosage.
(2) Allergic reactions which, independent of dosage, can lead to anything from a mild skin reaction to death. In 1955 my colleague Goetze was able to collect 53 fatal reactions to penicillin alone, from the world literature.
(3) The third group comprises non-specific side effects, to which belongs the increase in resistant organisms. This has led to a breach in our antibiotic defence. Superinfection with resistant, or less resistant, organisms, has given rise not only to new therapeutic problems, but has unfortunately brought a threat to the life of many a patient. I shall give some clinical pictures of resistant strains and superinfection as they occur in the daily practice of a general surgeon. I shall also discuss the indications for antibiotic therapy in surgery, since the indiscriminate use of antibiotics has led to the present state of affairs, making restrictions necessary.
A survey of the surgical bacteriology gathered from non-selected examinations of wounds, sputa, pleural aspirates and urine during the last four years in my clinic (Fig. 1 ) reveals the predominance of haemolytic Staphylococcus aureus, whose resistant strains have set us new problems as everywhere else in the world. The part played by the hemolytic streptococcus is infinitesimal in comparison; it has fortunately lost little of its sensitivity and therefore seems to be clinically benign. A larger section is made up of Esch. coli, proteus and pyocyaneus, which belong, as does the tubercle bacillus, to a group of organisms which respond only slowly or incompletely to chemotherapy and often become resistant. About 5 % are due to Candida albicans, although this is only rarely a pathological finding, being mainly saprophytic; but if antibiotic therapy, especially with tetracyclines, is allowed to disturb the equilibrium of organisms, the living conditions of this fungus can be considerably improved. Best known are the ano-genital skin lesions. bronchiectasis, predisposes to the appearance of resistant organisms. The treatment of these lesions with antibiotics alone is useless in most cases.
If the attempt is made, superinfection with resistant organisms is almost inevitable. A case based on a pinned and infected pseudarthrosis of the femur will illustrate this old story. The bacterial flora of this bony fistula was followed up for over two years. At first the staphylococcus showed a satisfactory sensitivity to penicillin. This was lost and the tetracyclines also failed in the end. The Esch. coli went through the same stages. Finally, Proteus vulgaris came along, often in pure culture and was soon resistant to all the then available antibiotics and sulphonamides. A cure was achieved only after it was possible to eradicate the focus of infection surgically. Another organism, which often perpetuates infection after prolonged antibiotic therapy is the B. pyocyaneus. After the destruction of the primary infecting agent, this saprophyte can become pathogenic and so maintain the infection-often in pure culture. A typical example can sometimes be observed after lung resections with consequent infection of the pleural cavity. In some cases this pyocyaneus infection can be cured by aspiration and instillation of polymyxin B only.
For the surgeon, the chief problem of bacterial resistance is presented by the behaviour of the hemolytic Staphylococcus aureus. As is generally known, its resistance has rapidly increased all over the world parallel to the increase in antibiotic therapy. This development was delayed in Germany for obvious reasons. In Berlin penicillin was available in unlimited quantities only after the end of the blockade in 1949. Thereafter, our staphylococci also rapidly became adapted and by 1955 the sensitivity of staphylococci in our own clinic showed a resistance to penicillin and streptomycin in 72% and 60% of the strains tested. With tetracyclines, resistant strains were 33 % approximately. With erythromycin (6%), neomycin (0%) and especially with the new oleandomycin (0% resistant strains) the position is still favourable at present. In 1956 the sensitivities to the usual antibiotics have remained unaltered, but the erythromycin-resistant strains have unexpectedly disappeared. We attribute this to our again more frequent use of chloramphenicol, so that erythromycin was used only as a last resort. The regression of bacterial resistance under antibiotic rotation-therapy appears as a ray of sunlight in the dark skies of this deplorable chapter.
Nowhere has the epidemiological significance of resistant staphylococcal strains been followed up more thoroughly or with more success than in this country. Authors like Blowers, Colebrook, Hare, Lowbury and Shooter, amongst others, have not only studied the ways of transmission of these germs in hospital, but have also given valuable advice on the prevention of this new plague. Fundamentally it is also our experience that the carrier rate amongst the new admissions rises from 30% .to 70% within a few days, even when these patients have not received any antibiotics. The proportion of nasal carriers among our own personnel is shown in Fig. 2 . Repeated examinations in 1956 showed a retrograde tendency, although, so far, no carriers have received local therapy. Perhaps this can be explained by a simultaneous decrease in the use of antibiotics, to which I shall refer later.
As a result of the ubiquitous presence of resistant staphylococci in hospital, endemic infections of the most varied localizations are known. First there are the furunculoses of the skin, which often cause more suffering to the patient than the initial operation itself.
Also post-operative parotitis, which became quite unknown during the first years of anti-biotic prophylaxis, is coming to the fore again. In the course of a single year we have observed 14 cases (08 % of all operations). In mycin. In this way we hope to combat the resistant staphylococci and also the Gram-negative bacteria since we have had four cases with a pure culture of Aerobacter aerogenes. Naturally, according to a principle of chemotherapy, success can only be achieved if a sufficient concentration of the antibiotic reaches the site of infection before sequestration of the gland has taken place.
The same therapy has been successful in resistant staphylococcal pneumonia. We must bear this condition in mind whenever post-operative lung-infiltrations are slow to resolve. Not infrequently there is abscess-formation-as in a case we had after a mitral commissurotomy-which can, however, heal completely under conservative therapy. Another superinfection with resistant staphylococci is pseudomembranous enterocolitis. This clinical picture is not solely the result of antibiotic therapy, as it had been described, as far back as 1893, by Finney. Nevertheless, this syndrome, as a result of treatment with broad-spectrum antibiotics and sometimes also of parenteral penicillin and streptomycin therapy, has increased since its first description by Kramer in 1948. According to the simplified explanation of Poth, antibiotic therapy suppresses the normal intestinal flora, so that strains of staphylococci, usually acquired by cross-infection, can grow without hindrance and, through the release of their highly poisonous enterotoxin, produce this serious syndrome. In 1955 Senn collected 83 cases from the world literature, which surely represent only a fraction of the actual disaster. Therapy with erythromycin or oleandomycin, by replacement of fluids and electrolytes and with ACTH and noradrenaline can save only a small proportion of these cases.
A further serious consequence of the hospital strains of staphylococci seems to be the increased rate of wound infections, as reported so frankly from several clinics (Howe; Blowers; Shooter). Our own proportion, in 1956, of 2-9 % minor and 2-9 % severe infections surpasses what we were accustomed to in the pre-antibiotic era. Table I shows the distribution of responsible organisms in 30 infected cases after aseptic operations, amongst which the staphylococcus accounted for over 50%. The signs of fever atid local inflammation were inhibited in a considerable proportion by antibiotic prophylaxis. So much for the present situation, which has given rise to serious problems in surgery also. For their solution several measures are required. First there are those directed against the spread of resistant organisms in hospital, which have already been effectively applied in this country. The continual introduction of new antibiotics cannot lead to any fundamental change in the situation. Rather it would seem necessary to reduce the present extent of antibiotic therapy to reasonable proportions.
In this connexion, the following is a short survey of the surgical indications for antibiotic therapy, as gathered from the literature and personal experience. Fundamentally we can differentiate two types of antibiotic therapy: (1) The prophylactic, and (2) the curative indications. Since the results of the curative group can be more clearly evaluated, it is shown first in Table II . There is no doubt that many surgical infections take a more favourable course with modem chemotherapy. Nevertheless the old dictum "ubi pus, ibi evacua" still holds good. Even now osteomyelitis has by no means become a medical disease. In perforation peritonitis chemotherapy has, in my opinion, proved of value. On the other hand, it is interesting that, in the treatment of chronic typhoid carriers, chloramphenicol has failed completely, in spite of a high sensitivity of the organisms, and in spite of such great success in the acute illness. The surgical removal of diseased gall-bladders, on the other hand, gives a cure rate of 90%, as prolonged follow-up of 130 cholecystectomized patients has shown in Berlin. In serious wound infections only, and after previous sensitivity tests, parenteral chemotherapy should be used. Table III shows the indications for the prophylactic use of antibiotics. It is in this field above all others, that great restraint is essential, as in many hospitals often the greatest proportion of antibiotics is given for this reason. (2) Special accidental wounds: compound fractures, skull base fractures, burns, &c.
(3) Aseptic operations of (a) brain, heart; on bones, joints, &c. (but no antibiotics for hernias, thyroidectomies, sympathectomies or breast amputations) (b) lung, aesophagus, cardia, stomach, colon, infected bile duct and genito-urinary tract (4) Operations in contaminated areas: amputation of gangrenous leg, carcinoma of penis (5) Emergency operations in patients with infection outside surgical illness In gun-shot wounds prophylactic chemotherapy seems justified, because only rarely is complete excision of the wound possible. The position is different with excised and sutured accidental wounds, the healing rate of which cannot be significantly improved by local or parenteral administration of antibiotics. Nevertheless, antibiotic prophylaxis is justified in certain special injuries as shown in Table III . The most controversial group of antibiotic prophylaxis is provided by the aseptic operations. Two sub-groups must be distinguished: (a) The purely aseptic operations and (b) those operations in which, at some point, the interruption of asepsis is made probable, as by the cutting of a hollow organ.
In the large majority of purely aseptic operations, such as herniorrhaphies, thyroidectomies and so on, antibiotics are contra-indicated, as the number of wound infections cannot thereby be reduced. In cases with rheumatic or congenital heart lesions, we give penicillin post-operatively, so as to hold the streptococci in check. Neurosurgeons and orthopedic surgeons have practised a particularly generous prophylaxis in lengthy operations. To-day, as far as I know, this tendency is being reversed.
In lung resections we have, so far, given penicillin and streptomycin routinely (or we have been guided by pre-operative sensitivity tests) in order to prevent pulmonary or pleural infections. The danger of infection arising from a bronchial stump is, however, much smaller than expected, since bronchial swabs taken during operation for carcinoma or tuberculosis have proved to be sterile in 3 out of 4 cases. In surgery of the oesophagus and cardia, antibiotic prophylaxis has definitely reduced the danger of mediastinitis. Gastric resection, for peptic ulcer, is mostly a purely aseptic procedure. Through the action of acid the stomach and first part of the duodenum or jejunum are sterile in 75 % of cases. Therefore prophylaxis seems to be more indicated in cases of ulcerated and hypochlorhydric carcinoma of the stomach, in two-thirds of which our swabs have shown contamination with Esch. coli, staphylococcal or streptococcal organisms. On the other hand, gastric resections by the appropriate technique should provide no danger of contamination of the peritoneal cavity or of the abdominal wall.
Among operations on the colon, rectal amputations can be practically sterile from beginning to end. Therefore, only the resections with primary anastomosis make intestinal antisepsis desirable. We have tested all the drugs available for gut sterilization, including combinations of neomycin, and yet we still do not know if these drugs really produce better results than are achieved by a clean operative technique alone. Most antibiotics are excreted in high concentration in the bile and urine. They can therefore be used with success in the treatment of severe pericholecystitis, cholangitis or urinary tract infections. A simple cholecystectomy or nephrectomy obviously requires no prophylaxis.
Operations in infected, or previously infected, areas give an opportunity for specific prophylaxis, since, either before or during the operation, the sensitivity of the responsible organism can be tested. This field of application is not very big. Numerically the indications are even fewer in emergency operations on patients with a concurrent infection.
In order to test the value of prophylaxis in clean operations statistically, we have tried to compare identical groups of operations with and without antibiotics (penicillin and streptomycin post-operatively for five or six days). Such investigations are best done in a single clinic, since the selection of patients, operative technique and post-operative care, &c., can here be most easily compared. . 4. -Post-operative course of cholecystectomies. Group I: 256 patients with antibiotic prophylaxis, average age 48-9 years. Group II: 59 patients without antibiotic prophylaxis, average age 50 2 years. Fig. 3 shows the post-operative course of partial gastrectomy for peptic ulcer. The average evening temperatures of the test groups I and II are practically identical. Only in the group of primary resections for perforated ulcers (always treated with antibiotics) the temperatures lie higher. The number of wound infections in group II, which were not given antibiotics, was certainly not higher.
Results are similar with cholecystectomies. Here also neither the temperature chart nor the percentage of wound infections shows any advantage in antibiotic prophylaxis (Fig. 4) .
Also other complications, such as bronchopneumonia or parotitis, are by no means rarer in patients who received post-operative prophylaxis. The figures are shown in Table IV . In our clinic we also have given antibiotics in abundance for a long time. It was not until the end of 1955 that we became more strict, due to the problems arising. The result of this policy is shown in Fig. 5 In conclusion I would say that the value of chemotherapy in surgery is undoubted: but its indiscriminate use has created fresh problems. Asepsis has proved once more a fundamental principle in surgery for which chemotherapy-even partial-can never be a substitute.
Dr. R. A. Shooter: We have followed two types of infection in Professor L. P. Garrod's laboratory at St. Bartholomew's Hospital.
TREATMENT OF URINARY INFECTIONS
Three years ago we carried out an investigation designed to see how well patients with urinary infections responded to chemotherapy, and how accurately laboratory tests of sensitivity to antibiotics forecast the eventual outcome of treatment (Garrod et al., 1954) . With the co-operation of the medical and surgical staff we collected records and examined specimens from nearly all the adult patients with urinary infections in or attending the hospital during eleven months. In uncomplicated infections there was good correlation between the cure rate and the guidance given by sensitivity tests, but for the series as a whole it was clear that what mattered primarily in the treatment of urinary infections was the condition of the patient's urinary tract. In the presence of stones or structural abnormalities or obstruction, the results were poor. Of the patients with abnormalities of this sort only 34 % of males and 58 % of females had sterile urine after treatment. On the other hand over 800% of the patients with no known abnormality and no previous history of urinary infection had sterile urine immediately after treatment. Between these two immediate cure rates was an interesting group composed of patients with no known abnormality, but with a history of previous infection. I would like to put forward our experience with urinary infections as an example of resistance to treatment in which the patient is responsible rather than the resistant organism.
An example of the other type of resistance, in which an infection is due to organisms resistant to the action of antibiotics, is provided by the present position with hospital staphylococci.
STAPHYLOCOCCAL INFECTIONS
Resistant staphylococci are resistant to penicillin because they form an enzyme, penicillinase, which destroys penicillin. One cannot make a staphylococcus resistant in this way to penicillin by exposing it to penicillin in the test tube or in the patient, and the resistant staphylococci which we now have in hospitals are the descendants, by selective breeding, of about 5 % of pre-war strains. As a corollary to this, if a penicillin-resistant staphylococcus is isolated from an infection where before there was a sensitive staphylococcus, it nearly always represents the result of cross-infection by a new staphylococcus. With the enormous usage of penicillin there has been a steady climb within hospitals of the proportion of resistant staphylococci, and this is reflected in the number of resistant staphylococci isolated from out-patients. Table I shows the proportion of penicillin-resistant staphylococci which we have isolated from patients with septic lesions attending the out-patient department between 1949 and 1956. Patients attending other departments in the hospital were excluded and, whenever possible, swabs were taken at the first attendance or when the lesion was incised.
As opposed to penicillin, resistance to other antibiotics is the result of contact with the drug. Once acquired, resistance is permanent, and by cross-infection, these strains have multiplied to a serious level. Table II shows the results of tests done in our laboratory on staphylococci isolated from infections within the hospital in the last eighteen months.
(Organisms from one ward with an epidemic have been excluded.) 1949-50  261  6  1952  200  16  1954-55  200  21  1956 200 26 Based on Griffiths, E., Jones, P. F., Shooter, R. A., and Heady, J. A. (1949 ) Brit. med. J., ii, 958: Griffiths, E., Walker, A. J., and Shooter, R. A. (1950 ) Brit. med. J., i, 761: Birnstingl, M. A., Shooter, R. A., and Hunt, M. F. (1952 ) Brit. med. J., ii, 253: Rees, E. G., Shooter, R. A., and Shawe, G. D. H. (1955 ) Brit. med. J., i, 1409 Burn, J. I., Huntsman, R. G., and Shooter, R. A. (unpublished) . So far, resistant strains have been dealt with by new antibiotics, and there are at the moment at least three promising new ones. Staphylococcal septicaemia is a possible exception to this generalization. This infection is sometimes accompanied by an endocarditis, and for the successful treatment of an endocarditis an antibiotic which kills, rather than one which only inhibits, bacterial growth is to be preferred. As yet we have no new antibiotic which can take the place of penicillin and streptomycin as killing agents, and one that could do so would be very welcome.
I would like here to discuss the way in which sensitivity tests are done. Nearly all those in common use determine if an antibiotic will inhibit the growth of an organism. There are several methods of finding this out. We have preferred one in which the sensitivity is determined in primary culture. One reason for choosing this method is that if a sensitivity report is delayed for three days it loses much of its practical value, and with the direct method a specimen can be received in the afternoon and a report sent the next morning. In cases of urgency, and if the infection is a heavy one, a good idea of the sensitivity may be obtained after as little as five hours' incubation. An additional advantage of this method is that it facilitates the recognition of infections due to mixtures of sensitive and resistant organisms.
Another way of looking at resistant organisms is to try to prevent their formation. For all antibiotics, the more they are used, the greater the risk of producing resistant strains, and conversely, with less use, fewer resistant strains are made. In support of this Table II shows purchases of antibiotics in two years and nine months together with the percentage of resistant strains of staphylococci isolated from in-patients.
There are two other aspects of staphylococcal infection I would like to consider. When I was adding up the staphylococci from in-patients, I made a separate record of those from infections of nurses (Table III) . It showed what we have, unfortunately, known for some Resistant to penicillin, sensitive to tetracycline ..
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Resistant to penicillin and tetracycline .. .. 2 time: that staphylococci isolated from septic lesions of nurses are likely to be resistant to penicillin. The most interesting observation was that only two nurses were infected with tetracycline-resistant staphylococci, although these organisms were not rare within the hospital. Many of our nurses are nasal carriers of strains of Staph. pyogenes resistant to penicillin but sensitive to tetracycline, and perhaps the tetracycline-sensitive strains can compete successfully with strains which are resistant.
One of the most alarming forms of staphylococcal infection is staphylococcal enterocolitis. This relatively new condition, which has to be differentiated from other causes of diarrhoea after operation, appears to be due to an invasion of the gut wall by staphylococci. mlycin Aureomycin, tetracycline, and penicillin and streptomycin used together. Why one patient and not another shouldtdevelopi it noth kown, although the fact that nearly every as w s g l oreported case has followed the use of p antibiotics whch suppress bowelbacteria,t suggests that these normal-o c bacteria can suppress the growth of staphylococci or that when they are removed conditions become more suitable for staphylococci. In contrast with the broad spectrum antibiotics, penicillin is rapidly destroyed in the bowel, and, as far as I know, no case of entero-colitis has been reported after peniciloln alone. We have seen some 30 cases of this new condition. Only one has died, on the third post-operative day, the others being arrested by treat- pathogenic staphylococci in their stools, irrespective of treatment with antibiotics, and for this reason a culture may be misleading, as well as taking too long. So far, mn our cases, we have relied on finding clusters of Grampositive cocci in stained films of faeces, something we have only seen once in a large number of normal stools. There are reasons for suspecting that only a few types of staphylococci can cause enteritis, but even if this is so these types are now widespread, and in view of the rapidity with which patients may die, I think it is well worth while to make as a routine, stained films from patients with diarrhoea after broad spectrum antibiotics.
If the diagnosis is made in time, treatment is not difficult. It consists in stopping the offending antibiotic, restoring the fluid balance and removing the staphylococci with an antibiotic to which they are sensitive. At present this usually comes to the prescription of erythromycin, something which constitutes an additional reason for avoiding the use of this drug unless absolutely necessary. A new drug, or some new way of controlling the spread of staphylococci, might solve our problems rapidly. On the other hand, staphylococci have shown remarkable adaptability in the face of antibiotics, and have, so far, largely evaded attempts to control their spread, and I suspect that they will continue to present a major problem for some years to come.
